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Abstract
Rodents contribute to the life cycle of the protozoan parasite Toxoplasma gondii as an intermediate host and key
prey animal of cats, the definitive host. As there is limited scientific knowledge available about the incidence
and prevalence of T. gondii in commensal rodents in many Asian countries, we tested rodents from a com-
mercial rice mill and eight local villages in Bangladesh for the presence of T. gondii DNA using rodent brain
material preserved in ethanol. Overall, 10 of 296 (3.4%) rodent samples tested positive for Toxoplasma DNA.
Our results indicate that rodents present in food production and food storage facilities may carry T. gondii.
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Introduction
Felids are definitive hosts for the protozoan parasiteToxoplasma gondii and are able to excrete T. gondii
oocysts for several weeks after acute infection. The presence
of excreted oocysts in the environment enables T. gondii to be
taken up by numerous warm-blooded animal species acting
as intermediate hosts. Humans become infected by ingesting
undercooked food, contaminated water, soil, or unwashed
fruits and vegetables (Dubey and Beattie 1988, Dubey 2004).
Infection may also occur through infected organ transplants,
or prenatally if a mother contracts toxoplasmosis while preg-
nant. In healthy persons, toxoplasmosis is usually asymptom-
atic. However, congenital infections can lead to numerous fetal
manifestations or neurological or ocular problems later in life
(Dubey and Jones 2008).
Rodents facilitate completion of the parasite life cycle as
prey for cats. They may harbor T. gondii encysted within
various body tissues, including muscle and brain tissue
(Dubey et al. 1995). In many developing countries, cats are
often kept around households, farms, granaries, and mills to
control rodents. Hence, T. gondii transmission is possible
(Brown and Khamphoukeo 2010). In such situations, envi-
ronmental contamination with oocysts increases, facilitating
more intermediate host infection. Rodents can also transmit
T. gondii directly to humans as rodents are a common food
source for cats in many countries (Khiem and Van Chien
2003, Suwannarong and Chapman 2014). In Thailand, ser-
oprevalence of 4.6% of the collected rodents (n = 461) was
found ( Jittapalapong et al. 2011). Other studies have shown
that rodent infections may be as high as 73%, depending on
rodent species, geographic region, and season (Tenter et al.
2000, Gotteland et al. 2014, Morand et al. 2015).
In humans, parts of Southeast Asia are areas of high ser-
oprevalence (Pappas et al. 2009). In studies from 2002, ser-
oprevalences in pregnant women from Asia ranged from 42 to
49% (Borkakoty et al. 2007, Nissapatorn 2007, Torgerson and
Mastroiacovo 2013). However, the situation varies per
country and area as research from Vietnam reports a ser-
oprevalence of 11.2% in pregnant women (Buchy et al.
2003), and research from 2012 reports a seroprevalence of
10.3% in Japanese pregnant women (Sakikawa et al. 2012).
There is little information available from Bangladesh. In this
article, we report the outcome of a study in 2016 and 2017 on
the presence of T. gondii in rodents from Bangladesh using a
qPCR on brain tissue stored in 98% ethanol. The potential
effects of tissue storage time in ethanol have not been in-
vestigated for PCR detection of T. gondii.
Materials and Methods
From January 2016 to December 2017, rodents were
trapped in 10 locations, of which 8 were local villages
(Lakhshmipur, Manaharpur, Comalla, Kadamtoli, Maurali,
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West-Maruali, Nagarkandi, and Baro Char) and 2 were rice
mills in Comilla (Chittagong, all within 10 kms of 2327¢23.0†N
9110¢20.6†E, Bangladesh, Fig. 1). All villages are smallholder
lowland farming communities and typically rely on rainfed
rice production with limited irrigated rice production in some
areas, with no discernible differences in ecology or cultural
practices. The selected villages consisted of between 35 and
100 households.
There were no discernible patterns or changes in the ratio
of species between these two habitats. Rodent trapping took
place in the rice storage area of the selected households and
mills and was conducted every 14 days, for a period of 3
months per location per year (so traps were placed 18 nights
per location in 2016 and also in 2017). Each trapping session
consisted of 3 consecutive days (24 h) with kill traps (Big
snap-e; Kness, Albia, IA) and live cage traps (purchased on
local Bangladesh markets). Traps were baited with banana
and placed in the evening and checked for captures the next
morning. Rodents trapped in live traps were euthanized by
cervical dislocation. Each trapped animal was identified for
species, gender, and maturity level, and thereafter dissected
to collect brain tissue.
Owing to the lack of cold storage in rural areas, samples
were stored in ethanol (98%) for a period of 11 to a maximum
of 35 months. Samples were shipped to a laboratory in the
Netherlands for further testing. Randomly, one of the two
brain halves was taken from each sample and put in 20 mL
Dulbecco’s phosphate-buffered saline (DPBS), which was
refreshed after 4 h to rehydrate overnight. Twenty-four hours
later, samples were homogenized in 1 mL fresh DPBS for
30 s with an ultra-turrax homogenizer. DNA was extracted
from 250 lL of the homogenated brain tissue with the
DNeasy Blood & Tissue kit (Qiagen GMBH, Hilden, Ger-
many). Some adjustments to the manufacturer’s protocol
were made: glass beads (50–100 pc—diameter of 0.4 mm)
were added to each sample and vortexed 10 min at 1400 rpm
RT to facilitate lysis, wherein after lysis buffer was added
according to the manufacturer’s protocol. Samples were then
incubated at 56C for 2 h, vortexed for 10 min at 1400 rpm at
56C, and 1.5 lL HCL 35% was added together with ethanol
for optimal DNA binding. Then, the manufacturer’s protocol
of the DNeasy Blood & Tissue kit was followed. During the
final step, samples were eluted in 50 lL AE buffer. DNA
samples were stored at -20C until tested by qPCR. Samples
were tested in original DNA concentration and at a 1:5 di-
lution. Tachyzoite samples (T. gondii parasites, RH-type,
starting concentration 3 · 10^8/50 lL) were used as a positive
control in different concentrations to determine the limit of
detection, and H2O was used as the negative control. To
determine the test sensitivity, a series of 10-fold dilutions of
tachyzoites starting from 3 · 10^7/mL were tested. DNA was
tested for the 529 bp fragment of T. gondii (Homan et al.
2000) by quantitative real-time PCR using a SyberGreen
PCR Master Mix (Applied Biosystems, Foster City, CA) in
an ABI 7500 Real-Time PCR system (PE Applied Biosys-
tems). A final reaction volume of 25 lL was used, consisting
of 12.5 lL of 2· QuantiTect SYBR Green PCR Master Mix,
10.5 lL PCR grade water, 1 lL (10 lM) of both primers
(Toxoplasma amplification primers Tox-9 and Tox-11 [Reischl
et al. 2003]), and 1 lL of DNA template.
The PCR procedure started with an activation step of
10 min at 95C, followed by 50 amplification cycles con-
sisting of 94C/15 s, 59C/30 s, and 72C/30 s. Dissociation
was measured every 0.5C and fluorescence was measured at
the end of each cycle. A melting curve analysis was per-
formed to check the specificity of the amplicons by their
specific melting temperatures (Tm). All samples were tested
with an analytic test sensitivity of three tachyzoites/mL
(cycle threshold [Ct] 14.4 = 3 · 10^6 tachyzoites/assay; Ct
31.4 = 3 tachyzoites/assay). Samples were classified as posi-
tive when Ct values were <37.5 cycles, and with a Tm value
between 81.9 and 83.5C.
Results
The overall trap success was 40.3% in the villages and 65%
in the mills. In total, 296 commensal rodents were trapped of
which 49 were Bandicota bengalensis, 8 Bandicota indica, 95
Mus musculus, 5 Mus terricolor, 15 Rattus exulans, and 124
Rattus rattus. Each animal was dissected and tested for the
presence of T. gondii. The mean storage time of all samples
was 21.3 months. Ten samples (3.4%) were found positive
(Table 1), six of which were samples from R. rattus (4.8%),
two from B. bengalensis (4.08%), one from M. terricolor
(20.0%), and one from M. musculus (1.05%).
There was no statistically significant difference in preva-
lence between rodent species found (p = 0.18), and there were
no differences in the positivity rates according to gender
(p = 0.69). No differences in incidence were found over the
trapping period or seasons.
Discussion
To our knowledge, no research on T. gondii infection in
Bangladesh rodents has been carried out before. In this study,
FIG. 1. Map of Bangladesh with the rat silhouette indi-
cating the study site.
3.4% of rodents trapped in or around food storage facilities
tested positive for T. gondii DNA. This is in line with the
results from Thai rodents in 2011, where a seroprevalence
of 4.6% (n = 461) was found ( Jittapalapong et al. 2011).
However, rodent infection rates can vary depending on the
species researched, the location, and climate (Tenter et al.
2000, Gotteland et al. 2014, Morand et al. 2015). In Serbia,
for example, a higher percentage of rodents were found to
be positive; 10.4% of the 156 tested rodents (Rattus nor-
vegicus and M. Musculus) were positive for Toxoplasma
DNA using PCR (Vujanić et al. 2010). Research from the
Netherlands showed 11.9% of 101 wild rodents and shrews
positive for T. gondii DNA (Kijlstra et al. 2008), and a
study from 2012 in the Netherlands found that 4% of
rodents and shrews (n = 250) were positive using DNA
detection (Meerburg et al. 2012), which again is more in
line with the findings of our study in Bangladesh. In Brazil,
wild feral rodents (Capybara [Hydrochaeris hydrochaeris])
were tested for T. gondii DNA and showed a prevalence of
15.4% (n = 26) (Truppel et al. 2010). In China, a PCR study
to detect T. gondii DNA showed 22.3% of M. musculus to
be positive (n = 31) and 23.9% of the R. norvegicus trapped
to be positive (n = 92) (Yan et al. 2014), which are rela-
tively high percentages compared with other DNA studies
on rodents.
Factors that could have influenced the difference in ob-
served prevalences in the different rodent species from the
selected trapping locations in Bangladesh could be the species-
specific behavioral patterns, their ecology and ethology, and
also the presence or absence of cats. None of the locations had
cats as pets; however, there were stray cats around that could
lead to rodent infection.
Reports of T. gondii infection in rodents from other Asian
countries are mostly on T. gondii detection by serologic tests
(Salibay and Claveria 2005, Jittapalapong et al. 2011, Her-
breteau et al. 2012), but these have several disadvantages,
that is, false negatives (Dubey et al. 1997). Thus, serology
alone may be insufficient to determine rodent prevalence
(Dubey and Frenkel 1998). PCR is more sensitive to detect
T. gondii, but its use may be limited by cost and lack of
experience (Nimir and Linn 2011). It is recommended to use
either fresh samples or to store the samples at £ -20C when
carrying out PCR analyses because autolysis and/or degra-
dation of DNA may occur when tissue samples are not im-
mediately frozen or properly stored (Wastling and Mattsson
2003). In our study, it was not possible to use fresh or frozen
samples and, therefore, brain tissue was preserved in ethanol.
The use of ethanol as a preservation method is applied
in research on many other pathogens, for example, stool
samples for research on the protozoan Giardia (Wilke and
Robertson 2009), rodent ear biopsies and whole ticks for
research on the bacterium Borrelia burgdorferi s.l., and ro-
dent kidneys for research on Leptospira interrogans. The
percentage of the ethanol is critical as ethanol drives out
water from tissue and cells (thus dehydrates the tissue and so
preserves DNA), therefore, it was decided to work with 98%
ethanol. The potential effects of tissue storage time in ethanol
have not been investigated for PCR detection of T. gondii.
However, we found that isolation of T. gondii brain cysts
after ethanol fixation is not possible by percoll gradients,
which might have been a feasible DNA isolation procedure of
the purified T. gondii cysts (Cornelissen et al. 1981).
Some of our samples were stored for 35 months in 98%
ethanol, which might have led to prolonged dehydration and
subsequent DNA degradation (Prendini et al. 2002). Fur-
thermore, the high spread of the Tm values by amplicons
found in the field samples gives an additional limitation of the
long-term storage conditions in alcohol. It is possible that in
this study, more animals harbored T. gondii DNA than the 10
animals found positive, due to degradation of sample quality.
This is an important limitation of the study, thus the results
need to be interpreted only as evidence for T. gondii infec-
tion. The results could underestimate the prevalence of T.
gondii infection in Bangladesh rodents. However, to confirm
this, several storage conditions should be compared (i.e.,
fresh samples, frozen storage, ethanol storage, formalin, and
chemical matrices) (Lou et al. 2014). A suggestion for further
research would be to also include DNA testing of heart ma-
terial to minimize the chance of false negatives (Kijlstra et al.
2008).
Because T. gondii prevalence in rodents is influenced by
environmental conditions (Meerburg et al. 2009) and could
lead to infection of domestic cats, it is of essence that food
stores and food processing facilities prevent rodent pests and
limit the use of cats for rodent control. Further research is
recommended to gain more insight into the prevalence of
T. gondii in the rodent population across the food value chain
in Bangladesh. A suggestion would be to study the presence
of cats in the area, the prevalence of infection in cats, and the
extent of rodent predation by cats. Other research that could
add value to the current knowledge is researching the specific
genotypes of T. gondii in Bangladesh to get a better under-
standing of the genetic population structure in Asia (Shwab
et al. 2014, Chaichan et al. 2017).
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Table 1. Overview of the Species, Sample Storage
Time, and Ct-Values of the Samples That Tested





1 Bandicota bengalensis 21 35.71
2 Bandicota bengalensis 17 34.37
3 Mus musculus 18 33.17
4 Mus terricolor 25 37.33
5 Rattus rattus 28 22.72
6 Rattus rattus 28 37.36
7 Rattus rattus 16 36.57
8 Rattus rattus 24 37.31
9 Rattus rattus 23 24.28
10 Rattus rattus 13 26.03
Ct, cycle threshold.
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